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Method and apparatus for measuring the tension of a moving 

WEB 

A method for measuring the tension of a moving web, in which 
method the moving web is directed over or under a curved measuring beam in 
5 such a way that the web forms an air cushion of the air it transports between 
the web and the measuring beam, whereby the web moves over the 
measuring beam on the air cushion causing a force effect transmitted by the 
air cushion on the measuring beam. 

The invention further relates to an apparatus for measuring the 
10 tension of a moving web, which apparatus comprises a curved measuring 
beam so that the moving web directed over or under the measuring beam 
forms an air cushion of the air it transports between the web and the 
measuring beam and the web moving over the measuring beam on the air 
cushion causes a force effect transmitted by the air cushion on the measuring 
15 beam. 

When manufacturing paper, the formed and ready paper web is 
rolled at several stages of the process. For instance, at the end of the process, 
the web is rolled into large rolls several metres in diameter. The tension of the 
rolls should remain the same both in the longitudinal direction of the web and 

20 in the vertical direction of the roll so as to make the paper behave in as similar 
a way as possible in the process of the end-user, for example a printing 
house, independent of what part of the roll the printed sheet has been taken 
from. In addition, when winding the web from one roll to another, the rotation 
speeds of the rolls and the torques winding the rolls need to be adjusted to be 

25 suitable in relation to each other, because when the diameter of the roll 
changes, also the circumferential speed of the roll changes. To be able to wind 
the web in a roll so that the tension of the web is suitable throughout the roll 
and to be able to wind the web from one roll to another without loosening or 
tightening the web too much and breaking it, the tension of the web must be 

30 measured during winding and the rotation speeds of the rolls adjusted 
according to the measured tension data. A tension measuring instrument also 
quickly indicates a break in the web. 

Canadian Patent 1 265 940 discloses a solution for measuring web 
tension. In the solution, the web is brought in contact with a measuring 

35 element comprising several contiguous short rolls or several contiguous 
support elements including a flexible band. The load caused by the contact is 
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measured with sensors connected to the element and the tension of the web is 
determined from the load. The problem in this solution is that for measuring, 
the web must be bent over the measuring element so that it touches the 
element. This may damage the web. When using rolls, the increasing rotation 
5 speeds arid the imbalance of the roll cause disturbances in the measuring 
signal. 

European Patent publication 0 490 971 discloses a measuring 
process of web tension, in which the web is brought in contact with a 
measuring element comprising several contiguous short rolls. Drawbacks as 

10 described above are also present in this solution. 

Finnish Patent 80 522 discloses a solution, in which the tension of a 
moving web is measured by placing close to the web in the direction of travel 
of the web a measuring beam provided with a curved surface and pressure 
measuring cells in the holes of the beam. An air cushion is formed between 

15 the web and the curved surface, in which air pressure is comparable to the 
tension of the web. The tension of the web is measured by measuring the 
pressure of this air cushion. The solution in question provides the advantage 
that the web is not damaged, as the measuring beam does not touch the web. 
On the whole, the solution is quite functional, but somewhat complicated in its 

20 measuring arrangement. 

The object of the present invention is to provide a method and 
apparatus, in which said drawbacks can be avoided. 

The method of the invention is characterized in that the tension of 
the web is measured by measuring the force resulting from the web and 

25 transmitted by the measuring beam. 

Further, the apparatus of the invention is characterized in that the 
apparatus comprises means for measuring the force resulting from the web 
and transmitted by the measuring beam. 

An essential idea of the invention is that the tension of a web is 

30 measured by arranging the web to travel over a measuring beam which has 
been arranged so that the web moves over the measuring beam on an air 
cushion formed when the air transported by the web is pressed between the 
measuring beam and the web. Further, it is essential that the force caused by 
the tension of the web on the measuring beam is measured by measuring the 

35 force effect transmitted onward by the beam. The idea of a preferred 
embodiment of the invention is that the force effect transmitted by the beam is 
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measured with weighing sensors arranged under the ends of the measuring 
beam. The idea of another preferred embodiment is that the force transmitted 
by the measuring beam is measured with strain gauges arranged on the 
beam. 

5 The invention provides the advantage that as the web does not 

touch the measuring beam, the measuring of the tension does not damage or 
stress the web. The solution is also very simple in structure and measuring 
technique. On the whole, the adjustment accuracy of the drives and the 
runnability of the machine are extremely good and the number of breaks 

10 remains small. 

In this application, the term "web" refers, for instance, to a paper or 
board web. 

The invention will be described in greater detail in the attached 
drawing, in which 

15 Figure 1 is a schematic side view and cross-section of a solution of 

the invention and 

Figure 2 shows the solution shown in Figure 1 viewed from the 
direction of travel of the web and in cross-section. 

Figure 1 shows a web 1 which moves in the direction of arrow A. 

20 The web 1 has been arranged to move over a measuring beam 2. The 
measuring beam is made of a wear-resistant material, such as aluminium, and 
extends preferably substantially uniformly across the entire web 1 . The surface 
of the measuring beam 2 against the web 1 is curved. The surface can also be 
formed of a surface with two or more curvature centres, of some other suitable 

25 curved surface, or in such a way that the front edge of the measuring beam 2 
is a straight line at a suitable angle in relation to the web 1 and the trailing 
edge of the measuring beam 2 is in the shape of a circular arc. Due to the 
curved form, the air transported by the web 1 is pressed between the 
measuring beam 2 and the web 1 in such a way that the web 1 moves over 

30 the measuring , beam 2 on an air cushion 3. The radius of curvature of the 
surface of the measuring beam 2 against the web 1 can vary, for instance, 
between 20 cm and one metre. 

The pressure of the air cushion 3 between the web 1 and the 
measuring beam 2 corresponds in a balanced state quite accurately to the 

35 force caused by the tension of the web 1 . The pressure of the air cushion 3 
affects the measuring beam 2 and the force transmitted by the measuring 
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beam 2 can be measured, for instance as shown in Figure 2. With said 
measuring, it is possible to measure indirectly the tension of the web 1. The 
measuring beam 2 can be supported, for instance on its ends and weighing 
sensors 4 can be placed at the ends to measure the force transmitted by the 
5 - measuring beam 2. Instead of or in addition to the weighing sensors 4, the 
force transmitted by the measuring beam 2 can be measured by placing one 
or more strain gauges 5 on the measuring beam 2 on the side not facing the 
web 1. To measure the force transmitted by the measuring beam 2, at least 
one strain gauge 5 placed at the point of maximum torque, i.e., in the mid- 
10 section of the measuring beam 2, is required. It is possible to increase the 
measuring accuracy and reliability by using several strain gauges 5. In this 
case, too, at least a part of the strain gauges 5 are preferably placed in the 
mid-section of the measuring beam. The signals produced by the weighing 
sensors 4 and/or the strain gauges 5 are directed to a control device 6 which 
15 defines the tension of the web 1 according to the received signals and 
forwards the information onward. 

The drawing and the related description are only intended to 
illustrate the idea of the invention. The details of the invention may vary within 
the scope of the claims. Thus, for measurement of tension, the web 1 can also 
20 be directed under the measuring beam 2 comprising a suitably formed bottom 
surface. 



WO 00/02027 



PCT/FI99/00582 



5 

CLAIMS 

1. A method for measuring the tension of a moving web, in which 
method the moving web (1) is directed over or under a curved measuring 
beam (2) in such a way that the web (1) forms an air cushion (3) of the air it 

5 transports between the web (1) and the measuring beam (2), whereby the web 

(1) moves over the measuring beam (2) on the air cushion (3) causing a force 
effect transmitted by the air cushion on the measuring beam (2), 
characterized in that the tension of the web (1) is measured by 
measuring the force resulting from the web (1) and transmitted by the 

10 measuring beam (2). 

2. A method as claimed in claim 1, characterized in that 
the force transmitted by the measuring beam (2) is measured by measuring 
the force caused by the measuring beam (2) in the weighing sensors (4) under 
the measuring beam (2). 

15 3. A method as claimed in claim 2, characterized in that 

the weighing sensors (4) are arranged at both ends of the measuring beam 

(2) . 

4. A method as claimed in claim 1, characterized in that 
the force transmitted by the measuring beam (2) is measured by at least one 

20 strain gauge (5) placed under the measuring beam (2). 

5. A method as claimed in claim 4, characterized in that at 
least one strain gauge (5) is placed in the mid-section of the measuring beam 
(2). 

6. An apparatus for measuring the tension of a moving web, which 
25 apparatus comprises a curved measuring beam (2) so that the moving web (1 ) 

directed over or under the measuring beam (2) forms an air cushion (3) of the 
air it transports between the web (1 ) and the measuring beam (2) and the web 

(1) moving over the measuring beam (2) on the air cushion (3) causes a force 
effect transmitted by the air cushion on the measuring beam (2), 

30 characterized in that the apparatus comprises means for measuring 
the force resulting from the web (1) and transmitted by the measuring beam 

(2) . 

7. An apparatus as claimed in claim 6 t characterized in 
that the apparatus comprises weighing sensors (4) arranged under the 

35 measuring beam (2) for measuring the force transmitted by the measuring 
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beam. 

8. An apparatus as claimed in claim 7, characterized in 
that the weighing sensors (4) are arranged at both ends of the measuring 
beam (2). 

5 9. An apparatus as claimed in claim 6, characterized in 

that the apparatus comprises at least one strain gauge (5) arranged to 
measure the force transmitted by the measuring beam (2). 

10. An apparatus as claimed in claim 9, characterized in 
that the measuring beam (2) comprises several strain gauges (5). 
10 11. An apparatus as claimed in claim 9 or 10, 

characterized in that at least one strain gauge (5) is placed in the mid- 
section of the measuring beam (2). 
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